T hymocyte deletion (1) ensures that self epitopes expressed on professional antigen-presenting cells (APCs) will not activate autoreactive T cells when presentation of nonself antigens occurs under conditions of microbial product-induced high costimulation. Deletion of autoreactive T cells relies on recognition of self-peptide͞self-MHC complexes. Whether self recognition is involved in positive selection of thymocytes (2, 3) or whether this process relies on a peptide-independent T cell antigen receptor (TCR)͞MHC interaction has been a matter of debate (4-6). Studies based on natural MHC class I mutations affecting residues critical for peptide binding but not for TCR͞ MHC contact (7, 8) and the culture of fetal thymic lobes from MHC class I-deficient mice (9-13) have shown a role for peptide recognition in CD8 ϩ T cell-positive selection. Evidence for peptide specificity in maturation of MHC class II-restricted thymocytes came from the analysis of mice with genetically manipulated antigen processing͞presentation pathways. For instance, mice expressing only the E␣52-68͞I-A b complex (14, 15) or H-2M Ϫ/Ϫ mice that express mainly the CLIP͞I-A b complex (16-18) and few other complexes (19) have a reduced number of CD4 ϩ T cells with many of them being reactive to syngeneic APCs. In addition, multiple CD4 ϩ T cell specificities identified by immunization of normal mice could not develop in H-2M Ϫ/Ϫ thymi (19-23). The altered maturation of CD4 ϩ T cells in mice with a reduced self complexity only on the thymic epithelium (cathepsin L Ϫ/Ϫ mice) (24) or in mice with 95% of their MHC II molecules occupied by one peptide (25), the ability of peptide͞ MHC class II complex-specific monoclonal antibodies to block maturation of relevant T cells in vivo (23, 26, 27) , the selection of different T cell specificities on intrathymic delivery of invariant chain (Ii)͞peptide fusion proteins (28) and the restricted TCR ␣ chain repertoire in mature T cells from single ␤ chain TCR transgenic (Tg) mice (29) constituted independent demonstrations of self-peptide recognition during positive selection of CD4 ϩ T cells. These studies and others (30-32) established that intrathymic positive selection of conventional ␣␤ T cells and therefore, the generation of the mature ␣␤ T cell repertoire is, in essence, self-referential (33).
T hymocyte deletion (1) ensures that self epitopes expressed on professional antigen-presenting cells (APCs) will not activate autoreactive T cells when presentation of nonself antigens occurs under conditions of microbial product-induced high costimulation. Deletion of autoreactive T cells relies on recognition of self-peptide͞self-MHC complexes. Whether self recognition is involved in positive selection of thymocytes (2, 3) or whether this process relies on a peptide-independent T cell antigen receptor (TCR)͞MHC interaction has been a matter of debate (4) (5) (6) . Studies based on natural MHC class I mutations affecting residues critical for peptide binding but not for TCR͞ MHC contact (7, 8) and the culture of fetal thymic lobes from MHC class I-deficient mice (9) (10) (11) (12) (13) have shown a role for peptide recognition in CD8 ϩ T cell-positive selection. Evidence for peptide specificity in maturation of MHC class II-restricted thymocytes came from the analysis of mice with genetically manipulated antigen processing͞presentation pathways. For instance, mice expressing only the E␣52-68͞I-A b complex (14, 15) or H-2M Ϫ/Ϫ mice that express mainly the CLIP͞I-A b complex (16) (17) (18) and few other complexes (19) have a reduced number of CD4 ϩ T cells with many of them being reactive to syngeneic APCs. In addition, multiple CD4 ϩ T cell specificities identified by immunization of normal mice could not develop in H-2M Ϫ/Ϫ thymi (19) (20) (21) (22) (23) . The altered maturation of CD4 ϩ T cells in mice with a reduced self complexity only on the thymic epithelium (cathepsin L Ϫ/Ϫ mice) (24) or in mice with 95% of their MHC II molecules occupied by one peptide (25) , the ability of peptide͞ MHC class II complex-specific monoclonal antibodies to block maturation of relevant T cells in vivo (23, 26, 27) , the selection of different T cell specificities on intrathymic delivery of invariant chain (Ii)͞peptide fusion proteins (28) and the restricted TCR ␣ chain repertoire in mature T cells from single ␤ chain TCR transgenic (Tg) mice (29) constituted independent demonstrations of self-peptide recognition during positive selection of CD4 ϩ T cells. These studies and others (30) (31) (32) established that intrathymic positive selection of conventional ␣␤ T cells and therefore, the generation of the mature ␣␤ T cell repertoire is, in essence, self-referential (33) .
We have observed that ␣␤ T cells bearing two distinct antigen receptors can respond to nonself antigens by engaging a TCR intrinsically unable to support their intrathymic maturation. This is shown by the fact that KB TCR Tg T cells can mature intrathymically and populate the periphery only if they can express an alternative TCR (34) . This dependency could reflect the inability of the KB TCR to interact with self-peptide͞MHC II complexes on thymic stromal cells. Alternatively, the KB TCR could engage in interactions with self-peptide͞MHC complexes, but such interactions may translate into a weak intensity signaling not permissive for positive selection. Thus, summing the signals generated on engagement of two TCRs could allow immature KB T cells to reach the signaling threshold required for maturation. The latter hypothesis, synergistic in nature, points to an integrative signaling model of intrathymic T cell development where the summation of distinct TCR-derived signals determines the fate of maturing T cells.
In line with this idea, we report here that the corecognition of a self-peptide͞MHC II complex able to support positive selection of a given T cell specificity and of additional complexes characterized by a markedly distinct conformational signature appears to antagonize positive selection of thymocytes bearing the same specificity in vivo.
Methods
Animals. C57BL͞6 (B6) and B10.A(5R) (5R) mice were from the The Jackson Laboratory. 1H3.1 TCR Tg mice were described previously (23, 35) . Ab-Ep mice (14) were a gift of P. Marrack (Howard Hughes Medical Institute, National Jewish Medical and Research Center, Denver) and were Ab-Ep Tg Immunostainings. For multicolor staining, cells were incubated with labeled mAb for 30 min on ice, washed, and analyzed immediately. For two-step staining, cells were incubated first with purified mAbs followed by a F(abЈ) 2 fragment of goat anti-mouse Ig-FITC conjugate from Sigma. The mAbs used were anti-V␤6-FITC (RR4-7), anti-V␣2,3.2,8,11-FITC (B20.1, RR3-16, B21.14, RR8-1), anti-CD4-CyChrome (H129.19), anti-CD24- were mitomycin C-treated before stimulation assay. IL-2 production by T cell hybrids was assessed by using the IL-2-dependent CTLL cells.
mAb Treatment of Newborn Mice. Newborn mice were typed by PCR on day 1 by using genomic DNA. Starting on day 2, mice were i.p. injected with 50 g of purified mAb diluted in 50 l saline every 2 days. On days 13-15, mice were killed for analysis.
Apoptosis Detection. Thymocytes were triple-stained by using anti-CD4͞CD8 mAbs and annexin V-FITC (BD PharMingen). The FSC͞SSC gate used was designed to exclude dead cells after running the respective samples incubated with propidium iodide only.
Nonhematopoietic Thymic Stromal Cell Analysis. Day 15 fetal thymic lobes were kept in organ culture with RPMI media supplemented with 10% FCS and 1.35 mM 2Ј-deoxyguanosine (Sigma) in transwell plates (Costar) for 6-7 days according to Coligan et al. (40) . The remaining tissues were mechanically dissociated and sequentially digested with Liberase Blendzyme 1 (Roche Molecular Biochemicals) and trypsine͞EDTA. The cells were processed for fluorescence-activated cell sorting analysis. Large cells (FSC high ) were analyzed after electronic gating. (Fig. 2) . In the periphery, V␤6 ϩ cells were scarce and many were CD8 ϩ (Fig. 3A) . These features suggested a deficiency in positive selection. For instance, 1H3.1 TCR Tg H-2M␣ Ϫ/Ϫ mice, which also show a deficient positive selection, display a rather large thymus and few CD4 ϩ V␤6 high thymocytes (22) . Finally, the analysis of TCR Ab-Ep Ii ϩ I-A␤ bϩ mice showed that the deletion imposed by Ii was dominant over the interference caused by I-A␤ b (Fig. 2) . The altered positive selection in TCR Ab-Ep I-A␤ bϩ mice implies that the corecognition of E␣52-68 independent self-peptide͞I-A b complex(es) expressed in these mice neutralizes the positive selection signal generated on recognition of the E␣52-68͞I-A b complex that is still expressed in its covalent configuration, because these mice remain Ii Ϫ/Ϫ . (Fig. 4A) . The response was comparable to that induced by 5R APCs and was observed both for 1H3.1 TCR Tg T cells and the original 1H3.1 hybrid (Fig. 4C) . In contrast, Ab-Ep I-A␤ bϩ APCs did not induce any detectable response (Fig. 4A) . The response to Ab-Ep Ii specific activation of mature 1H3.1 T cells, we used Ab-Ep I-A␤ bϩ splenic APCs loaded with E␣52-68. Under such conditions, naïve TCR Tg Rag-1 Ϫ/Ϫ T cells readily proliferated (see Fig. 6 , which is published as supporting information on the PNAS web site, www.pnas.org.) even at the lowest peptide doses. The response was Y-Ae blockable (not shown). In addition, despite their reduced MHC II expression level (60) (61) (62) , E␣52-68 presentation to naïve 1H3.1 T cells by Ii Ϫ/Ϫ APCs was slightly better than that by B6 APCs including at very low doses of E␣52-68 (Fig. 6) . Thus, the corecognition of loose compact self-peptide͞ I-A b complexes, which appears able to neutralize positive selection of immature 1H3.1 T cells had no detectable antagonistic effect on the activation of their mature counterparts. The notion that the sum of agonistic and antagonistic signals may determine the outcome of intrathymic selection (65) comes from the observation that an antagonist peptide for the F5 TCR inhibits negative selection of F5 TCR Tg T cells in fetal thymic lobes and accelerate positive selection when unopposed by deletion (66, 67) . Interference with positive selection of CD4 ϩ T cells has also been observed (68, 69) . However, most of these studies were conducted in vitro and, in all cases, interference was caused by synthetic mutants of the antigenic peptide engineered to gain antagonistic activity. Inhibition of positive selection by recognition of natural self-peptide(s) has been seen only once; 3A9 TCR Tg thymocytes are selected in H-2 k mice but fail to be so in H-2 k/b mice despite an unchanged cellularity. However, the exact identity of the MHC II molecules (I-A␣␤ b or I-A␤ b ͞I-A␣ k ) involved in the assembly of the inhibitory complexe(s) remained unknown. Such peptide͞MHC II complexe(s) were able to inhibit the activation of mature 3A9 T cells (70) .
Immature Thymocytes Accumulating in TCR Ab

Discussion
Thus, TCR Ab-Ep I-A␤ bϩ mice illustrate an unrecognized situation where endogenous self-peptide͞MHC II complexes with particular conformational features and no detectable inhibitory activity for mature T cell bearing a given TCR, neutralize positive selection of their immature counterparts in vivo. The data support an integrative model of T cell selection predicting that, during its contacts with stromal cells, a given thymocyte is exposed to multiple self-peptide͞MHC II complexes such that its fate is determined by the sum of all signals received (65) . Such a model may be useful to describe the permissive role alternate ␣␤ TCRs appear able to exert on T cell-positive selection (34) . 
